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Objects at the state s1
CLASS c1
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-- IS specification 
IS-spec := IS-aspect-spec { , IS-aspect-spec } 
IS-aspect-spec := static-aspect-spec | dynamic-aspect-spec |  
          integrity-rule-aspect-spec 
-- Static aspect specification 
static-aspect-spec := category-spec { , category-spec } 
category-spec := atomic-class-spec | hyperclass-spec 
-- Atomic-class specification 
atomic-class-spec := ATOMIC-CLASS atomic-class-name  
         SIZE [basic-type : length [, decimal]]  
basic-type  := Integer|Real|Character|Date|Boolean 
-- Hyperclass specification 
hyperclass-spec := HYPERCLASS hyperclass-name  
       [IS TUPLE-CLASS] 
               [IS SUB-HYPERCLASS OF hyperclass-name 
           [WHEN specialisation-condition]] 
       [ attribute-spec {, attribute-spec}] 
       [ key-spec {, key-spec}] 


















attribute-spec : = ATTRIBUTE attribute-name 
         TERMINATION category-name 
         [([mincard],[maxcard])] 
-- Key specification 
key-spec : = KEY key-name 
    [ATTRIBUTES attribute-name {, attribute-name}] 
0%8%,% &	-+		.	#1+	-	
-- Dynamic aspect specification 
Dynamic-aspect-spec := Dynamic - spec {, Dynamic - spec } 
Dynamic-spec := event-spec| process-spec |     
      dynamic-state-spec| method-spec 
-- Dynamic state specification 
dynamic-state-spec := DYNAMIC STATE hyperclass-id  
             
-- Method specification 
method-spec : = METHOD method-id 
      OF HYPERCLASS hyperclass-id 
      [FROM STATES hyperclass-id {, hyperclass-id}] 
      [TO STATES hyperclass-id {, hyperclass-id}] 
      [INVOLVED ATTRIBUTES attribute-id {,attribute-id}] 
 
-- Event specification 
event-spec : = EVENT event-id 
-- Process specification 
process-spec : = PROCESS process-id 
     IN HYPERCLASS hyperclass-id 
     [PRE-CONDITION condition] 
     [POST-CONDITION condition] 
     [PRE-HYPERCLASS hyperclass-id {, hyperclass-id }]] 
     [POST-HYPERCLASS hyperclass-id {, hyperclass-id}] 
     [TRIGGERED BY event-id] 
     EXECUTE method-id {, method-id} 
0%8%0% &	-+		.	9+1		-	
-- Integrity rule aspect specification 
integrity-rule-aspect-spec := integrity-rule-spec  
           {, integrity-rule-spec} 
 
-- Integrity rule specification 
integrity-rule-spec := INTEGRITY RULE rule-id 
                EXPRESSION rule-expression 
          [scope-spec {, scope-spec}] 
 
-- Scope specification 
scope-spec := ON TUPLE-CLASS hyperclass-id 
       [risk-spec {, risk-spec} ] 
 
-- Risk specification 
risk-spec : = RISK risk-id  
     [DEFINED ON primitive-type  
               [ON ATTRIBUTE Attribute-id]]       
     [CONCERNED BY method-id {, method-id}] 
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a) System life cycle of Sale management
IS component
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Another IS componentAn IS component
Responsibility zone of
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ClassesDistinct With border With overlap
ISc A ISc B
ISc A ISc A
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Service based overlap protocol
Service oriented Infrastructure
Provider
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AN EXAMPLE ABOUT CONCEPTUAL 











































ATOMIC-CLASS Code     SIZE Character:10 
ATOMIC-CLASS Name     SIZE Character:40 
ATOMIC-CLASS Address   SIZE Character:80 
ATOMIC-CLASS Telephone  SIZE Character:10 
ATOMIC-CLASS Text     SIZE Character:80 
ATOMIC-CLASS Date     SIZE Date 
ATOMIC-CLASS Quantity   SIZE Integer:12:3 
ATOMIC-CLASS Amount    SIZE Real:14:2 
ATOMIC-CLASS DateTime   SIZE DateTime 
55	5---	
HYPERCLASS Customer    IS TUPLE-CLASS 
  ATTRIBUTE CustomerCode   TERMINATION Code (1,1)  
  ATTRIBUTE CustomerName   TERMINATION Name (0,1)  
  ATTRIBUTE CustomerAddress TERMINATION Address (0,1)   
  ATTRIBUTE CustomerTelephone  TERMINATION Telephone (0,2) 
  ATTRIBUTE ActivatedTime  TERMINATION DateTime(0,1) 
  KEY CustomerKey     ATTRIBUTES CustomerCode 
 
HYPERCLASS Sale order   IS TUPLE-CLASS 
  ATTRIBUTE SaleOrderNumber  TERMINATION Code (1,1)  
  ATTRIBUTE SaleOrderDate   TERMINATION Date (0,1)  
  ATTRIBUTE ReceivedTime   TERMINATION DateTime(0,1) 
  ATTRIBUTE AcceptedTime   TERMINATION DateTime(0,1) 
  ATTRIBUTE CancelledTime   TERMINATION DateTime(0,1) 


















  ATTRIBUTE PaidTime    TERMINATION DateTime(0,1)  
  ATTRIBUTE ItemReturnedTime  TERMINATION DateTime(0,1)      
  ATTRIBUTE SaleOrderAmount   TERMINATION Amount (0,1) 
  ATTRIBUTE belongedToCustomer  TERMINATION Customer(0,1) 
  KEY SaleOrderKey     ATTRIBUTES SaleOrderNumber  
 
HYPERCLASS Sale order item  IS TUPLE-CLASS 
  ATTRIBUTE ofSaleOrder  TERMINATION Sale order(1,1) 
  ATTRIBUTE SO_Item    TERMINATION Inventory Item (0,1) 
  ATTRIBUTE Quantity ordered TERMINATION Quantity(0,1) 
  ATTRIBUTE SO_ItemAmount  TERMINATION Amount (1,1) 
  KEY SaleOrderItemKey   ATTRIBUTES ofSaleOrder,SO_Item 
 
HYPERCLASS Inventory item  IS TUPLE-CLASS 
  ATTRIBUTE ItemCode    TERMINATION Code (1,1)  
  ATTRIBUTE ItemName    TERMINATION Name (0,1)  
  ATTRIBUTE ItemDescription  TERMINATION Text (0,1)  
  ATTRIBUTE ItemUnitPrice   TERMINATION Amount (0,1) 
  ATTRIBUTE QuantityInStock TERMINATION Quantity(0,1) 
  ATTRIBUTE ItemActivatedTime  TERMINATION DateTime(0,1) 
  KEY InventoryItemKey   ATTRIBUTES ItemCode 
  
HYPERCLASS Payment     IS TUPLE-CLASS 
  ATTRIBUTE PaymentCode  TERMINATION Code (1,1)  
  ATTRIBUTE paymentFor  TERMINATION Sale order(0,1) 
  ATTRIBUTE PaymentDate   TERMINATION Date (0,1)  
  ATTRIBUTE PaymentAmount   TERMINATION Amount (0,1) 
  ATTRIBUTE ApprovedTime   TERMINATION DateTime(0,1) 
  KEY PaymentKey      ATTRIBUTES PaymentCode 
 
HYPERCLASS LastYearSO   IS TUPLE-CLASS 
     IS SUB-HYPERCLASS OF Sale order 
    WHEN year(SaleOrderDate) = this-year()-1  
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HYPERCLASS Sale       
  ATTRIBUTE hasCustomer   TERMINATION Customer (0,1) 
  ATTRIBUTE hasSaleOrder   TERMINATION SaleOrder(1,1) 
  ATTRIBUTE hasSaleOrderItems  TERMINATION Sale order Item (0,n) 
  ATTRIBUTE hasItems    TERMINATION Inventory Item (0,n) 
  ATTRIBUTE hasPayments   TERMINATION Payment  




HYPERCLASS SO_demand_received    
  IS SUB-HYPERCLASS OF Sale order   


















HYPERCLASS SO_demand_invalid     
  IS SUB-HYPERCLASS OF SO_demand_received  
  WHEN CancelledTime is not NULL 
HYPERCLASS SO_demand_valid     
  IS SUB-HYPERCLASS OF SO_demand_received  
  WHEN AcceptedTime is not NULL 
HYPERCLASS SO_customer_valid     
  IS SUB-HYPERCLASS OF SO_demand_valid  
  WHEN BelongedToCustomer is not NULL 
HYPERCLASS SO_items_delivered   
  IS SUB-HYPERCLASS OF SO_customer_valid  
  WHEN DeliveredTime is not NULL 
HYPERCLASS SO_amount_paid     
  IS SUB-HYPERCLASS OF SO_items_delivered  
  WHEN PaidTime is not NULL 
HYPERCLASS SO_items_returned  
  IS SUB-HYPERCLASS OF SO_amount_paid   
  WHEN ItemReturnedTime is not NULL 
 
HYPERCLASS Customer_activated  
  IS SUB-HYPERCLASS OF Customer  
  WHEN ActivatedTime is not NULL 
HYPERCLASS Customer_deactivated 
  IS SUB-HYPERCLASS OF Customer  
  WHEN ActivatedTime is NULL 
 
HYPERCLASS Inventory_item_activated  
  IS SUB-HYPERCLASS OF Inventory_item  
  WHEN ItemActivatedTime is not NULL 
HYPERCLASS Inventory_item_deactivated  
  IS SUB-HYPERCLASS OF Inventory_item  
  WHEN ItemActivatedTime is NULL 
HYPERCLASS Inventory_item_in_stock  
  IS SUB-HYPERCLASS OF Inventory_item_activated  
  WHEN QuantityInStock >= 0 
HYPERCLASS Inventory_item_out_of_stock  
  IS SUB-HYPERCLASS OF Inventory_item_activated  
  WHEN QuantityInStock < 0 
 
 
HYPERCLASS Payment_approved  
  IS SUB-HYPERCLASS OF Payment  WHEN ApprovedTime is not NULL 
 
-- Dynamic states of the Sale order tuple-class 
DYNAMIC STATE SO_demand_received   
DYNAMIC STATE SO_demand_valid   
DYNAMIC STATE SO_demand_invalid 
DYNAMIC STATE SO_customer_valid 
DYNAMIC STATE SO_items_delivered 
DYNAMIC STATE SO_amount_paid 
DYNAMIC STATE SO_items_returned 
-- Dynamic states of the Customer tuple-class 
DYNAMIC STATE Customer_activated 


















-- Dynamic states of the Inventory Item tuple-class 
DYNAMIC STATE Inventory_item_activated 
DYNAMIC STATE Inventory_item_deactivated 
DYNAMIC STATE Inventory_item_in_stock 
DYNAMIC STATE Inventory_item_out_of_stock 
-- Dynamic states of the Payment tuple-class 
DYNAMIC STATE Payment_approved 
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-- Method of the Sale order tuple-class 
METHOD ReceivingDemand  OF HYPERCLASS Sale_order 
 FROM STATES Sale_Order 
 TO STATES SO_demand_received 
INVOLVED ATTRIBUTES Sale_order_number, Sale_order_date, 
of_Sale_order, SO_Items, Quantity ordered, ReceivedTime 
METHOD CheckingStock   OF HYPERCLASS Sale order 
 FROM STATES SO_demand_received 
 TO STATES SO_demand_valid, SO_demand_invalid 
INVOLVED ATTRIBUTES AcceptedTime, CancelledTime 
METHOD GettingCustomerInfo  OF HYPERCLASS Sale_order 
 FROM STATES SO_demand_valid 
 TO STATES SO_customer_valid 
INVOLVED ATTRIBUTES Belonged_to_customer 
METHOD DecreasingQuantityInStock OF HYPERCLASS Sale_order 
 FROM STATES SO_customer_valid 
 TO STATES SO_items_delivered 
INVOLVED ATTRIBUTES DeliveredTime 
 
METHOD ReceivingPayment  OF HYPERCLASS Sale_order 
 FROM STATES SO_items_delivered 
 TO STATES SO_amount_paid 
INVOLVED ATTRIBUTES Sale Order Amount, PaidTime, 
SO_ItemAmount 
METHOD ReceivingReturnedItems OF HYPERCLASS Sale_order 
 FROM STATES SO_amount_paid 
 TO STATES SO_item_returned 
INVOLVED ATTRIBUTES ItemReturnedTime 
-- Method of the Customer tuple-class 
METHOD CreatingNewcustomer  OF HYPERCLASS Customer 
 FROM STATES Customer 
 TO STATES Customer_activated 
INVOLVED ATTRIBUTES Customer_code, Customer_name, 
Customer_address, Customer_telephone 
-- Method of the Payment tuple-class 
METHOD ApprovingPayment  OF HYPERCLASS Payment 
 FROM STATES Payment 
 TO STATES Payment_approved 



















-- Method of the Inventory item tuple-class 
METHOD DecreasingQuantityInStock OF HYPERCLASS Inventory_ item 
 FROM STATES Inventory_item_in_stock 
 TO STATES Inventory_item_activated 
INVOLVED ATTRIBUTES QuantityInStock 
 
METHOD UnDoDecreasingQuantityInStock OF HYPERCLASS Inventory_ item 
 FROM STATES Inventory_item_activated 
 TO STATES Inventory_item_in_stock 
INVOLVED ATTRIBUTES QuantityInStock 
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EVENT DemandForItems         
EVENT AcceptUnitPricesAndGivePersonalInformation   
EVENT PayTheSaleOrder         
EVENT ReturnItems          
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-- Processes of the Sale hyperclass 
PROCESS ReceivingAndValidatingDemand  
  IN HYPERCLASS Sale 
  PRE-CONDITION -- A blank sale order 
 ∃ so ∈ SALE ORDER | (so.valid is NULL)  
           ∧ (so.invalid is NULL) 
  POST-CONDITION -- A valid sale order and a list of valid items; 
      -- or an invalid sale order 
 (so.SO_demand_invalid is TRUE) ∨ 
 (so.SO_demand_valid is TRUE ∧  
  (∃ {so_i1, so_i2,..,so_in}, so_ii ∈ SALE-ORDER-ITEM 
    (so_ii.ofSaleOrder = so.SaleOrderNumber ) ∧ 
    (so_ii.QuantityOrdered > 0 ) ∧ 
     (∃ i ∈ INVENTORY-ITEM , i.ItemCode = so_ii.SO-Item)))  
  PRE-HYPERCLASS Sale order, Sale order Item, Inventory item 
  POST-HYPERCLASS  SO_demand_valid, SO_demand_invalid, 
Sale_order_item, Inventory_item_in_stock 
  TRIGGERED BY DemandForItems 
  EXECUTE ReceivingDemand, CheckingStock 
 
PROCESS GettingCustomerInformation 
  IN HYPERCLASS Sale 
  PRE-CONDITION -- A sale order without customer info 
 ∃ so ∈ SALE ORDER | (so.SO_demand_valid is TRUE) 
  ∧ (so.belongedToCustomer is NULL) 
  POST-CONDITION -- A sale order with valid customer info 
 ∃ c ∈ CUSTOMER ACTIVATED   
  (so.belongedToCustomer = c.CustomerCode) 
  PRE-HYPERCLASS SO_demand_valid, Customer 
  POST-HYPERCLASS SO_customer_valid, Customer_activated 
  TRIGGERED BY AcceptUnitPricesAndGivePersonalInformation 





















  IN HYPERCLASS Sale 
  PRE-CONDITION -- A sale order without delivered time 
 ∃ so ∈ SALE ORDER | (so.belongedToCustomer is NOT NULL) 
  ∧ (so.deliveredTime is NULL) 
  POST-CONDITION -- A sale order with delivered time 
  so.deliveredTime is NOT NULL 
 
  PRE-HYPERCLASS SO_customer_valid, Inventory_item_in_stock,  
      Sale_order_item 
  POST-HYPERCLASS SO_items_delivered, Sale_order_item,  
      Inventory_item_activated 
  EXECUTE DecreasingQuantityInStock 
 
PROCESS Receiving payment 
  IN HYPERCLASS Sale 
  PRE-CONDITION -- A sale order without payment info 
 ∃ so ∈ SALE ORDER | (so.paidTimeis NULL) 
   ∧ (so.deliveredTime is NOT NULL) 
  POST-CONDITION -- A sale order with valid payment info 
 ∃ p ∈ PAYMENT APPROVED |  
  (p.paymentFor = so.SaleOrderNumber) 
   ∧ (so.paidTime is NOT NULL) 
  PRE-HYPERCLASS SO_items_delivered, Payment 
  POST-HYPERCLASS SO_amount_paid, Payment_approved 
  TRIGGERED BY PayTheSaleOrder 
  EXECUTE ReceivingPayment, ApprovingPayment 
 
PROCESS ReceivingReturnedItems 
  IN HYPERCLASS Sale 
  PRE-CONDITION -- A sale order without item returned info 
 ∃ so ∈ SALE ORDER  (so.itemReturnedTime is NULL) 
   ∧ (so.paidTime is NOT NULL) 
  POST-CONDITION -- A sale order with item returned info 
 (so.itemReturnedTime is NOT NULL) 
  PRE-HYPERCLASS SO_amount_paid, Sale_order_item,    
                 Inventory_item_activated 
  POST-HYPERCLASS SO_item_returned, Sale_order_item,    
       Inventory_item_in_stock 
  TRIGGERED BY ReturnItems 




INTEGRITY RULE IR#1    
 EXPRESSION  
   -- The sale order items must be the items that  
   -- currently sold by the store 
   ∀ so_i ∈ SALE_ORDER_ITEM, 
    ∃! itm ∈ INVENTORY_ITEMso_i.SO_Item = itm.ItemCode 
         ON TUPLE-CLASS Sale order Item 
   RISK R#01 DEFINED ON Create  
    CONCERNED BY ReceivingDemand 
         ON TUPLE-CLASS Inventory Item   



















INTEGRITY RULE IR#2  
   EXPRESSION  
   -- The amount of a sale order item is equal to  
   -- its unit price * quantity ordered 
   --  (i.e. SO Item amount=unit price * quantity ) 
   ∀ so_i ∈ SALE_ORDER_ITEM, 
    ∃! itm ∈ INVENTORY_ITEM ∧  
      (so_i.SO_Item = itm.ItemCode ) ∧ 
      (so_i.SO_ItemAmount = so_i.QuantityOrdered * 
             itm.ItemUnitPrice) 
 ON TUPLE-CLASS Sale order Item  
   RISK R#04 DEFINED ON Create  
     CONCERNED BY ReceivingDemand 
   RISK R#05 DEFINED ON Update 
     ON ATTRIBUTE SO Item Amount 
     CONCERNED BY CheckingStock 
   RISK R#06 DEFINED ON #Update 
     ON ATTRIBUTE Quantity Ordered 
     CONCERNED BY ReceivingDemand 
 
 ON TUPLE-CLASS Inventory Item   
   RISK R#07 DEFINED ON Update 
     ON ATTRIBUTE Item Unit Price 
    
INTEGRITY RULE IR#3  
   EXPRESSION  
   -- The total amount of an sale order is equal to the  
   -- total of all its line item amount  
   ∀ so ∈ SALE_ORDER, 
    ∃! (so_i1, so_i2, …, so_in), so_ii ∈ SALE ORDER ITEM  
      ( so.SaleOrderNumber = so_ii.SO_Item ) ∧ 
       (so.ToTalAmount = Σ so_ii.SO_ItemAmount) 
 ON TUPLE-CLASS Sale order    
   RISK R#08 DEFINED ON Create 
      CONCERNED BY ReceivingDemand 
 
   RISK R#09 DEFINED ON #Update 
      ON ATTRIBUTE Sale Order Amount 
      CONCERNED BY CheckingStock 
 ON TUPLE-CLASS Sale order Item   
   RISK R#10 DEFINED ON #Create 
      CONCERNED BY ReceivingDemand 
   RISK R#11 DEFINED ON #Update 
      ON ATTRIBUTE SO Item Amount 
      CONCERNED BY CheckingStock 
 
INTEGRITY RULE IR#4   
   EXPRESSION  
   -- The total amount of the payments of a sale order  
   -- must not exceed the total amount of that sale order 
   ∀ so ∈ SALE_ORDER, 
    ∃! (py1, py2, …, pyn), pyi ∈ PAYMENT  
      ( so.SaleOrderNumber = pyi.PaymentFor ) ∧ 


















ON TUPLE-CLASS Sale order    
   RISK R#12 DEFINED ON Update 
      ON ATTRIBUTE Sale Order Amount 
      CONCERNED BY CheckingStock 
ON TUPLE-CLASS Payment_approved 
   RISK R#13 DEFINED ON Create 
      CONCERNED BY ApprovingPayment 
   RISK R#14 DEFINED ON Update 
      ON ATTRIBUTE Payment Amount 
      CONCERNED BY ApprovingPayment 
 
INTEGRITY RULE IR#5  
   EXPRESSION  
   -- A sale order must have valid customer info before 
   -- delivering items 
   ∀ so ∈ SALE_ORDER  
    so.DeliveredTime is not NULL 
      so.belongedToCustomer is not NULL 
 SCOPE OF RULE IR#5 ON TUPLE-CLASS Sale order    
   RISK R#15 DEFINED ON Update 
      ON ATTRIBUTE Delivered time 
      CONCERNED BY GettingCustomerInfo 
   RISK R#16 DEFINED ON Create 
      ON ATTRIBUTE Belong to customer 
      CONCERNED BY GettingCustomerInfo 
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-- Method of the Sale order tuple-class 
METHOD ReceivingDemand OF HYPERCLASS Sale order 
  ACTIONS create, update 
  CONCERN R#01, R#04, R#06, R#08, R#10  
METHOD CheckingStock  OF HYPERCLASS Sale order 
  ACTIONS update 
  CONCERN R#05, R#09, R#11, R#12  
METHOD GettingCustomerInfo OF HYPERCLASS Sale order 
  ACTIONS update 
  CONCERN R#15, R#16  
METHOD ApprovingPayment OF HYPERCLASS Payment 
  ACTIONS create 
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